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(54) Tank and method for fabrication 

(57) In the construction of cylindrical tanks having 
end domes wherein the domes are attached by stir fric- 
tion welding, a wagon wheel is placed inside the tank at 
the interface of the tank cylinder and the dome such that 
it provides backup support for the pressure exerted by 



the stir friction welding tool and strengthens the weld 
area and the tank by being welded into the tank by the 
stir friction welding process. 
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Description 

BACKGROUND QF THE INVENTION 

1 . Field of the Invention 

This invention relates to the welding of tanks. It par- 
ticularly relates to the assembly of aluminum alloy pres- 
surized tanks utilizing friction stir welding (FSW) 
technology. 

2. Background Information 

Welding technology is well-known. For example, 
solid-state welding processes such as diffusion welding 
have been utilized as, specialized processes tor certain 
unique metallurgical applications. Friction welding is a 
solid-state joining process that produces coalescence 
by the heat developed between two surfaces by 
mechanically induced rubbing motion. Friction welding 
has certain basic limitations, among which are prepara- 
tion and alignment of the work pieces which may be crit- 
ical for developing uniform rubbing and heating, 
particularly with large diameters. Thus, despite the 
many different types of welding technology processes 
utilized in the past and at present, technical problems 
with joining high strength aluminum alloys are recog- 
nized as a primary constraint to both wider implementa- 
tion of aluminum in automotive structures, and to further 
improvement in cost and weight savings in aluminum 
aerospace structures. 

A new process designated as friction stir welding 
offers a unique and revolutionary method for joining alu- 
minum alloys, offering a new design in production weld- 
ing opportunities for low-cost high-performance 
aluminum structures particularly. Basically, friction stir 
welding joins aluminum alloys (and copper alloys) by 
plasticizing, and then consolidating the material about 
the joint line. This operation is achieved by sinking a 
non-consumable pin into the start of the joint. This pin of 
a non-consumable material such as steel, and harder 
than the workpiece material, softens and plastcizes the 
aluminum by friction heating. The pin is then rotated and 
moved in the direction of welding. When the pin is 
rotated, the friction heats an annular region of aluminum 
alloy around the pin. As the pin is moved in the direction 
of welding, the pressure provided by the leading face of 
the pin forces hot plasticized material to the back of the 
pin, where it fills in the void left by the moving pin. No 
melting occurs, and the weldment is left in a fine- 
grained, hot-worked condition, with no entrapped oxides 
or gas porosity. 

The techniques of friction stir welding are described 
in U.S. Patent 5,460.317, which is incorporated herein 
by reference. 

Friction stir welding, because of its many advan- 
tages, is being considered as an attractive process for 
the assembly of aluminum tanks, particularly large alu- 



minum alloy pressurized tanks, such as those utilized 

for cryogenic oxygen storage in space launch systems. 

, Because of the large compressive forces involved in 

friction stir welding, the final welds in these tank struc- 
s tures present a problem of how to adequately provide 

backing support inside the tank, particularly when 

access to the tank interior is restricted. 

It is an object of this invention to provide a support 

structure member inside a cylindrical tank body, partic- 
10 ularly one of aluminum, for supporting the walls of the 

tank body. 

It is a further object of this invention to provide the 
support structure member to act as a rigid backing sup- 
port for the welded joints. 

75 It is still a further object of this invention that the 
support structure member also act as an integral part of 
the load carrying pressure vessel of the finished tank so 
that the support structure does not have to be disas- 
sembled and removed from the completed tank. 

20 It is yet a further object of this invention that the 
support structure member resist outward expansion of 
the tank under the pneumatic forces of the pressurized 
gas in the tank. 

it is another object of this invention to provide a sup- 

25 port structure that is designed to optimize weight sav- 
ings in the final tank, as well as cost savings in the 
fabrication of the tank. 

SUMMARY OF THE INVENTION 

30 

The present invention provides a general solution to 
the backing support problem during final friction stir 
welding of joints in an aluminum tank assembly. An 
internal aluminum structure is used that provides not 

35 only tooling for backing support during the friction stir 
welding process, but also acts as an integral part of the 
tank pressure vessel in the final product so that the dis- 
assembling of the support structure and its removal 
from the completed tank are avoided. In its preferred 

40 embodiment, a "wagon wheel" configuration, is used as 
the internal integral tool and tank support. The wagon 
wheel is preferably fabricated from the same aluminum 
alloy as the tank shell. Thus, for the final circumferential 
weld to assemble a hemispherical dome tank end on to 

45 a cylindrical tank body, the rim of the wagon wheel pref- 
erably overlaps and supports the butt joint between the 
tank dome and the tank cylinder. The wagon wheel may 
be forced to fit tightly by shrink-fitting with cryogenic 
cooling of the wagon wheel prior to fitting inside the par- 

so tially assembled tank. The joint is then made by friction 
stir welding so that the three members, the dome, the 
cylinder and the wagon wheel, are simultaneously 
welded in a three body joint. During the friction stir weld- 
ing process, the wagon wheel acts as a rigid backing 

55 support for the dome to cylinder circumferential butt 
joint. In the finished tank, the wagon wheel acts as an 
integral part of the load carrying pressure vessel by 
resisting outward expansion of the tank under the pneu- 
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matic forces of the pressurized gas in the tank through 
the three body weld. 

DESCRIPTION OF THE DRAWINGS 

5 

Figure 1 is an exploded perspective view of a tank 
built in accordance with the present invention; 
Figure 2 is a cutaway perspective assembled view; 
Figure 3 is an axial section taken through the cir- 
cumferential weld and the backing plate; to 
Figure 4 is a tangential section taken through weld 
no. 18. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 15 

The present invention provides a welded tank ves- 
sel, generally of cylindrical configuration, and capable of 
resisting outward expansion under the pneumatic forces 
of the pressurized gas present therein. The design, con- 20 
struction, and features of this vessel and the method of 
fabricating it will be more fully understood by reference 
to the attached drawings which depict certain exem- 
plary embodiments of the invention. 

Referring now to FIGS. 1 and 2 of the drawings, 25 
therein is shown a preferred tank 2 of the present inven- 
tion. A tank dome 4 is suitably joined to a tank body 6 by 
a circumferential weld 16, requiring either removable 
backing tooling or an integral backing plate. In other 
embodiments, the tank body 6 may be formed as a uni- 30 
tary structure with the tank dome 4 as an integral part 
thereof, particularly if the tank is relatively small. Alter- 
natively, the tank dome closure 4 may be joined to the 
tank body 6 as the final step in the assembly of the tank 
vessel. 35 

In its preferred aspects, a body end 8 of tank 2 
together with a backing plate 10 and a dome head 12 
are joined together in a three-part circumferential weld 
18. As an example, for the final circumferential weld 18 
used to join a hemispherical dome tank 12 to the cylin- 40 
drical end 8 of the tank body 6, plate 10 may be in the 
form of a wagon wheel configuration serving as the 
internal integral tool and tank support. The wagon 
wheel 10 is preferably fabricated from the same alumi- 
num alloy as the tank 6. The rim of the al uminum wagon 45 
wheel 1 0 preferably overlaps and supports the butt joint 
between the tank dome 1 2 and the tank cylinder end 8. 
The wagon wheel 10 may be forced to fit tightly by 
shrink fitting it with cryogenic cooling prior to fitting it 
inside the partially assembled tank. Weld 18 is then so 
made by friction stir welding in order that the three 
members, the dome 12, the cylinder body end 8 and the 
backing plate or wagon wheel 10, are simultaneously 
welded in a three-part joint using a friction stir welding 
tool 20. Because of the pressure exerted during the trie- 55 
tion stir welding process, the wagon wheel 1 0 acts as a 
rigid backing support for the dome to cylinder circumfer- 
ential butt joint. In the finished tank, the wagon wheel 



acts as an integral part of the load carrying pressure 
vessel by resisting outward expansion of the tank under 
the pneumatic forces of the pressurized gas in the tank 
following the three- body weld. The wagon wheel is 
therefore designed to optimize weight savings in the 
final tank, as well as cost savings in the fabrication of 
the tank. 

Referring to RGS. 3 and 4 of the drawing, where 
similar numerals refer to similar parts, a rotating tool 
spindle 22 is shown terminating in a friction pin 24, 
where direction 26 represents the direction of the spin- 
dle and pin rotation. Direction 28 represents the direc- 
tion of the welding advance. As noted in RGS. 3 and 4, 
a three-part circumferential weld 18 is thereby achieved 
by the action shown of the friction stir welding tool 20. 

It will be appreciated that the primary function of 
support structure member 1 0 is to act as a backing plate 
or tool during the friction stir-welding operation. Its sub- 
sequent function, for certain applications, as an integral 
part of the pressure vessel structure avoids the neces- 
sity to remove a massive tool from the assembled tank. 
This may be of particular importance where the pressu- 
rized tank is utilized for cryogenic oxygen storage in 
space launch systems where weight constraints are sig- 
nificant, particularly when access to the tank interior is 
restricted. Once the tank has been assembled, depend- 
ing upon the application, such as in space launch sys- 
tems, oxygen may be added to the tank interior through 
ports (not shown) which are then subsequently sealed. 

It will, of course, be realized that various modifica- 
tions can be made in the design and operation of the 
tank formed in the present invention without departing 
from the spirit thereof. Thus, it should be understood 
that within the scope of the appended claims, the inven- 
tion may be practiced, otherwise than as specifically 
illustrated and described. 

Claims 

1. A tank vessel of predetermined length having a 
cylindrical body and at least one domed tank end 
member, said tank being capable of resisting out- 
ward expansion thereof under the pneumatic forces 
of a pressurized gas present therein, comprising an 
elongated cylindrical tank body having a support 
structure member therein for supporting the walls of 
said tank body, a domed tank end member in con- 
tact with the body of said tank and with the support 
structure member, said tank and forming a cylindri- 
cal butt joint with said cylindrical tank body, the rim 
of the support structure member overlapping and 
supporting the butt joint between the tank dome 
and the tank cylinder body, all three members being 
simultaneously welded together in a three-body 
joint so that the support structure member acts as a 
rigid backing support for the domed cylinder cir- 
cumferential butt joint and subsequently acts as an 
integral part of the load-carrying pressure vessel of 
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the finished tank, thereby resisting outward expan- 
sion of the tank under the pneumatic forces of the 
pressurized gas in the tank. 

2. The tank of claim 1 wherein the dome, the cylindri- 5 
cal body and the integral combined support struc- 
ture are formed by being simultaneously welded in 

a three-body joint by utilizing of a friction stir weld- 
ing process. 

10 

3. The tank of claim 1 or 2, wherein the combined 
welded and pressure vessel support structure 
member is in the form of a wagon wheel configura- 
tion integrally attached to the dome and cylinder cir- 
cumferential butt joint. is 



aluminum alloys. 

10. The process and/or tank, of claim 9, wherein the 
tank vessel, the dome and the wagon wheel are 
fabricated from the same aluminum alloy. 



4. A method for forming a tank vessel resistant to out- 
ward expansion of the tank under the pneumatic 
forces of a pressurized gas contained therein, com- 
prising providing a partially assembled tank, tightly 20 
fitting a support structure member within the tank 
body, butt-joining a cylindrical dome end to said 
tank body, and assembling the tank by utilizing fric- 
tion stir welding so that the cylindrical body, the 
support structure member and the dome are simul- 25 
taneously welded in a three-body joint while utiliz- 
ing the support structure member for the friction stir 
welding process. 

5. The process of claim 4, wherein the support struc- 30 
ture member is in the form of a wagon wheel config- 
uration. 

6. The process of claim 4 or 5, wherein the wagon 
wheel is fitted tightly into the cylindrical body by 35 
shrink fitting the wagon wheel by cooling it prior to 
fitting it inside the partially assembled tank and then 
allowing the wagon wheel to thermally expand to fit 
tightly inside the tank 

40 

7. The process of claim 6, wherein a cryogenic gas is 
utilized for the cooling of the wagon wheel so as to 
allow a tight shrink-f it of the wagon wheel inside the 
tank cylinder. 

45 

8. The process of claim 6 or 7, wherein the rim of the 
wagon wheel overlaps and supports the butt joint 
between the tank dome and the tank cylindrical 
body, and wherein the wagon wheel, the tank dome 
and the tank cylindrical body are then simuttane- so 
ously welded in a three-body joint by utilizing of fric- 
tion stir welding, which requires a strong, rigid 
backing support structure. 

9. The process of any of claims 5, 6, 7, 8 and/or the 55 
tank according to claim 1, 2 or 3, wherein prior to 
friction stir welding, the tank vessel, the dome and 
the wagon wheel are fabricated from one or more 
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